The study evaluated the hypothesis that older adults are more susceptible to lapses of intention (lapses) than are younger adults, and explored the factors contributing to these lapses. The findings of three experiments examining the pattern of intrusion errors in the Stroop task revealed that older adults were more likely to experience lapses than were younger adults, and that lapses tended to be of longer duration in older than younger adults. Lapses were observed under conditions of suboptimal controlled attentional processing, when task conditions required the allocation of this processing in the service of multiple behavioral goals, and during periods of slowed responding. The findings of these experiments are consistent with those from a growing number of studies indicating that older adults are more susceptible to lapses of intention than younger adults.
T HE study of lapses of intentional, goal-directed, thought and action has been a topic of interest to psychologists since the earliest days of the science. Lapses of intention (lapses) are observed when the current goals of the individual fail to guide information processing and action selection, resulting in behavior being determined by dominant -but potentially inappropriate-behavioral tendencies. Empirical studies of lapses have employed a variety of methods, including the detailed analysis of lapses observed in daily life (Norman, 1981; Reason, 1979) , questionnaire studies (Broadbent, Cooper, FitzGerald, & Parkes, 1982) , neuropsychology (Shallice, 1988) , laboratory studies (Duncan, Emslie, & Williams, 1996) , and computational modeling (Kimberg & Farah, 1993) . Based upon the results of diary and questionnaire studies, we have learned that the diverse variety of lapses observed in our daily lives can be classified into a relatively small number of categories using both rational (Norman, 1981; Reason, 1979) and statistical approaches (Broadbent, Broadbent, & Jones, 1986) . Neuropsychological studies have revealed that damage to the prefrontal cortex can result in an increase in the frequency of lapses in tasks such as the Stroop (Vendrell et al., 1995) and Wisconsin Card Sort (Milner, 1963) , where the expressed goals of the individual often fail to control action in favor of automatic or previously rewarded response tendencies. Laboratory studies have considered the factors that contribute to both the initial occurrence of lapses and the resolution of this behavior (Duncan et al., 1996) . Finally, computational modeling studies have demonstrated that lapses observed across structurally diverse tasks can result from the disruption of a single information processing unit in computer simulations (Kimberg & Farah, 1993) .
Naturalistic and laboratory studies have begun to define the circumstances under which lapses are most likely to occur. Based upon observations gleaned from a large number of naturally occurring lapses, Reason (1979) suggests that lapses, or "actions-not-as-planned," most often take the form of frequently or recently performed behavioral sequences, are likely to occur at critical choice points during a behavioral sequence, and are most apt to occur when the focus of attention is directed away from the intended goals of the individual. Furthermore, Reason (1979) suggests that lapses are more often than not detected by the individual committing the error. This finding reveals the existence of an error detection, or feedback, system that operates independently of processes supporting the selection or execution of actions, and that has access to representations of both the intended action and the action that has been selected.
In a recent series of experiments, Duncan and associates (1996) described a number of factors that moderate the frequency with which lapses of intention, or "goal neglect," emerge in a simple letter monitoring task. In this study, lapses were measured as failures to adhere to a signal to shift from naming letters presented on one side of a computer monitor to those presented on the other side of the computer monitor, when the instructions defining the conditions under which a switch was to be made could be recalled by the individual upon questioning. Duncan and colleagues suggested that lapses, or "goal neglect," were most likely to occur under novel task conditions before the intended act was first performed correctly (1996, exp. 1). In comparison, once a correct shift response was made, indicating that the intention or goal had determined action selection, switching on later trials was nearly perfect. The continued failure to realize an intention within this task was highly sensitive to a verbal reinstatement of the initial constraints of the task. In this study, 70% of those failing to switch in the first block of trials who were asked to repeat the task instructions at the end of this block were successful during the second block. In comparison, only 40% of those participants who failed and were not asked to repeat the instruction made a successful switch sometime during the second block of trials. Consistent with the suggestion of Reason (1979) that lapses are likely to occur when the focus of attention is directed away from the current goals of the individual, Duncan and associates (1996) reported
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that goal neglect was more likely to occur under dual task than single task conditions (exp. 3). The findings of these experiments indicate that lapses are most likely to occur when a dominant response tendency (e.g., continuing to name letters from the current column) must be supplanted in favor of a novel or subordinate response, and when controlled attentional processing must be allocated in the service of multiple behavioral goals.
Recent studies have provided evidence that older adults are more susceptible to lapses of intention than their younger counterparts. Duncan and colleagues (1996) reported that 41% of the older adults (exp. 2) tested demonstrated complete goal neglect in their letter monitoring task, compared to only 16% of the younger and middle-aged adults tested (exp. 1). Similar findings have been reported in studies incorporating the Stroop task, where older adults tend to commit more errors than younger adults in the incongruent condition in which the dominant response of word reading must be supplanted in favor of color naming (Spieler, Balota, & Faust, 1996; West & Baylis, 1998) . This deficit presumably reflects an increase in the frequency of intrusion errors in older adults. However, data from these studies must be interpreted cautiously, as in both cases the researchers failed to distinguish between errors reflecting a word reading intrusion and errors where the response was neither the to-be-named color nor the to-be-ignored word.
A model of action selection introduced and extensively developed by Norman and Shallice (1980; Shallice, 1988) provides an excellent account of how deficits in controlled attentional processing contribute to lapses of intention. In this model, cognition and action depend upon the execution of specialized knowledge units known as "schemata" (Shallice, 1982) . Schemata are sensitive to a limited array of inputs, and their selection produces a specific output. For instance, within the Stroop task employed in the current study, there are two potentially relevant schemata (i.e., the word reading schema and the color naming schema) that differ in their level of resting activation, with word reading being dominant over color naming. The selection of a schema to be executed is accomplished through the activity of the contention scheduler (CS), which selects between active schemata through a conflict resolution process. In addition to the contention scheduler, there is a Supervisory Attentional System (SAS) that can modulate the activation of a task appropriate schema, based upon the goals of the individual, allowing a less automated, but goal-relevant, schema to be selected over a more automated, but goalirrelevant, schema. In this way the SAS supports the realization of the goals or intentions of the individual. In this model the CS is capable of maintaining a coherent stream of information processing and action selection, as long as the task proceeds along routine paths. However, when coherent action becomes contingent upon the selection of a novel or poorly automated schema, the SAS must intervene through controlled attentional modulation of active schemata (Shallice & Burgess, 1993) . The SAS has also been proposed to monitor the schema selected to ensure a match between goal states and performed actions suggesting a possible role in error-related processing.
The processes underlying error monitoring have been considered since the late 1960s (Reason, 1990) . In a series of experiments, Rabbitt (1969) found that response latency on trials immediately following an error tended to be elevated relative to latency for surrounding trials. In comparison, when individuals were instructed to make an error correction response (i.e., ECR-making the correct response immediately after the error had been detected), latency for the ECR response was considerably faster than for surrounding trials (Rabbitt, 1979) . These and other data have led to the proposal that there is an error detection-compensation system that operates through a comparison of intended outcomes and performed actions, that influences the stream of information processing and action selection when an incongruency between these two sources of information is detected (Reason, 1990) . The effect of aging on errorrelated processing has not been extensively considered. Rabbitt (1979) reported that younger and older adults did not differ in the frequency with which error detections or error correction responses were made, suggesting that error-related processing may be relatively immune to the effects of the aging process. However, older adults did tend to overcompensate following an error, demonstrated by magnified error-related slowing, suggesting a possible agerelated decline in the efficiency of error-related processing. The present study considers the conditions under which lapses of intention emerge in younger and older adults. For the study the Stroop color-word task was adopted, as this task provides a number of advantages over the letter monitoring task employed by Duncan and associates (1996) . As there was only one shift signal per block in the letter monitoring task, it is impossible to consider the temporal characteristics of lapses (i.e., do lapses tend to occur in isolation, or do they continue over several trials). Also, in the Stroop task, response latency can be recorded for each stimulus, providing a window into error-related processing, measured as error-related slowing, related to a lapse of intention. Based upon previously reported evidence, an age-related increase in the number of intrusion errors was expected in the Stroop task (West & Baylis, 1998) . If error-related processing remained stable into later adulthood, the duration of lapses was expected to be similar in younger and older adults. Given the work of Duncan and colleagues (1996) , lapses were expected to be more frequent during early phases of the task, when color naming was a more novel task than word reading. Finally, error-related slowing was expected to be of similar magnitude for younger and older adults (Rabbitt, 1979) . EXPERIMENT 1 In this experiment, groups of younger and older adults performed a Stroop color-word task consisting of neutral and incongruent stimuli, where stimulus transition was varied systematically. Stimulus transition was defined as performance on a given trial relative to the nature of the immediately preceding stimulus represented in four conditions (i.e., neutral -neutral, neutral -incongruent, incongruentneutral, incongruent -incongruent) . This manipulation supported a consideration of potential age-related difference in the duration of lapses by examining the frequency with which two word reading intrusion errors were committed P36 WEST consecutively in the incongruent -incongruent pairs. If lapses tend to last longer for older than younger adults, one would expect to observe pairs of intrusion errors more frequently for older than younger adults.
METHOD
Participants
Twenty younger (M = 23.15 years of age) and 20 older (M = 73.55 years of age) adults participated in the experiment. The older adults had, on average, completed more years of formal education (M = 16.55) than the younger adults (M = 14.50, f(38) = 2.74, p < .01), and scored higher on the Mill Hill vocabulary test (M = 26.73 for older, M = 22.77 for younger, r(38) = 4.03, p < .01). The younger adults were recruited from an undergraduate cognitive psychology course at the University of Toronto, and received research credit for their participation. The older adults were recruited from the greater Toronto metropolitan area, and received reimbursement to cover the cost of parking for their participation.
Materials and Procedure
In the Stroop task, participants were asked to identify one of four colors (i.e., red, blue, green, or yellow) by pressing one of four keys on the computer keyboard (i.e., V, B, N, M), using the index and middle fingers of the right and left hands. The Stroop task was divided into a practice and an experimental phase. The practice phase was designed to acquaint the participants with the color-to-key mapping, and consisted of 100 trials presented in a single block with each of the 4 colors presented 25 times in a series of "&s" equal in length to the color's name. In the experimental phase, participants performed a block consisting of neutral (n = 37) and incongruent (n = 36) trials, presented in the same quasi-random order for all participants. The extra neutral trial was required to balance the number of trials across the four stimulus transitions, was the first stimulus presented in the experimental block, and was not included in the analysis. Four neutral to incongruent stimulus transitions (i.e., the type of stimulus preceding or following a given stimulus) were represented equally across this quasi-random order (i.e., 18 neutral -neutral, 18 neutral -incongruent, 18 incongruent -neutral, & 18 incongruent -incongruent) (see Appendix, Note 1). For the neutral trials, each of the four colors was presented 9 times in a series of "Xs" equal in length to the name of the color (i.e., 3 for red, 4 for blue, 5 for green, 6 for yellow). For the incongruent trials, each of the four color names was presented equally often in one of the other three colors, with each color-word pair appearing 3 times. At the beginning of the practice and experimental phases of the experiment, a message appeared on the screen instructing the participant to press the space-bar to begin the block of trials. After the space-bar was pressed the screen was blank for 1,000 msec. The stimuli were presented in the center of the screen until a response was made, at which time the stimulus was removed and the screen was blank for 500 msec. Following this interval the stimulus for the next trial appeared on the screen. Stimuli subtended between 1.37° and 3.11°, by 1.00° of visual angle when viewed from 46 cm. For each trial, the response given, accuracy, and response latency, measured to the nearest millisecond, were recorded. The Stroop task was programmed using the MEL Professional 2.0 (MEL) software (Psychology Software Tools, Inc., 1995).
RESULTS AND DISCUSSION
The average number of intrusion errors and non-intrusion errors for younger and older adults are presented in Figure 1 . Given the limited number of non-intrusion errors committed by younger and older adults, and intrusion errors by the younger adults, the data were analyzed using the nonparametric Wilcoxon rank sum test. Older adults committed more intrusion errors than younger adults, consistent with the idea that older adults are more susceptible to lapses than younger adults (n = 20, z = -2.87, p < .004). In comparison, the number of non-intrusion errors was similar for older and younger adults (n = 20, z = .50, p > .60). Together these findings indicate that the age-related increase in the number of errors on incongruent trials reflects a selective increase in the number of intrusion errors with increasing age.
In an effort to further characterize the nature of agerelated increases in lapses, a number of supplemental analyses were undertaken. The first of these was designed to consider the duration of lapses in younger and older adults. For this analysis, the probability of committing consecutive word reading intrusion errors in the incongruent -incongruent transition pairs was calculated for older (N = 8) and younger (N = 9) adults making at least one intrusion error on the first trial of an incongruent -incongruent pair. Older adults (M = .70) were more likely than younger adults (M = .17) to make an intrusion error on the second incongruent trial, t(l6) = 2.97, p < .005, indicating that lapses continuing for at least two trials were more frequent in older than younger adults (see Appendix, Note 2).
The second supplemental analysis was designed to test the hypothesis that lapses would tend to cluster in the early phases of the task, when color naming was a relatively novel task compared to word reading. To consider this hy- pothesis the trials were grouped into quarters (i.e., trials 2-19, 20-37, 38-55, 56-72) , and the number of intrusion errors committed within each quarter of the task considered. The average number of intrusion errors per quarter of the task are presented in Figure 2 . Given the limited number of intrusion errors made by younger and older adults in the third and fourth quarters of the task, possibly leading to a violation of the assumptions underlying the general linear model, a nonparametric analytic strategy was adopted in the analysis of these data-Friedman analysis of variance by ranks (Friedman, 1972) . For the older adults, there was a significant decrease in the number of intrusion errors across the course of the task (x 2 (3) = 23. 98, p<.O0l,N= 20) . Also, for the younger adults the number of intrusion errors tended to decrease over the course of the task, but this effect was only marginally significant (x 2 (3) = 7.31, p > .06, N = 20). This finding is consistent with the prediction that the greatest number of lapses would occur when the color identification task was relatively novel, placing the greatest demands upon controlled attentional processing (see Appendix, Note 3).
A final supplemental analysis was designed to consider whether older and younger adults were equally efficient at responding to the occurrence of a lapse. In this analysis, median response latency for correct trials collapsed across neutral and incongruent stimuli before an intrusion error, was compared to median response latency for correct trials immediately following an intrusion error, for those individuals committing at least one intrusion error (i.e., younger adults N = 14 and older adults N = 19) in a 2 (age) X 2 (trial type: before and after an intrusion error) ANOVA. In this analysis, only the main effects were significant; age, F(l,30) = 13.58, p < .001, indicating that older adults (M = 1786, SD = 674) tended to respond more slowly than younger adults (M = 1181, SD = 462); and trial type, F(l,30) = 29.87, p < .001, indicating that response latency for trials following an intrusion error (M = 1878, SD = 848) was greater than for trials preceding an intrusion error (M = 1094, SD = 288). This finding suggests that the errorrelated slowing of response latency was similar for older and younger adults.
The present experiment revealed a number of interesting findings related to the nature of lapses in younger and older adults. Older adults were more susceptible to lapses than were younger adults, consistent with the findings of Duncan and associates (1996) . Older adults also tended to experience lapses that were longer in duration than those experienced by younger adults. Lapses tended to be concentrated in the early phases of the task for younger and older adults, when the color naming task was relatively novel. Finally, the magnitude of the error-related slowing was similar for older and younger adults.
EXPERIMENT 2
The second experiment was designed to address four questions. First, do older adults experience an increase in the frequency of lapses compared to younger adults, an increase in the duration of lapses compared to younger adults, or possibly both? In the first experiment each intrusion error was considered to represent a distinct lapse of intention, so the number of intrusion errors was taken as a direct measure of the number of lapses. However, this method would tend to overestimate the number of lapses when two or more intrusions occur in succession, probably reflecting a single lapse extending over a number of trials as seen in the incongruent -incongruent pairs for some older adults. In light of this ambiguity, lapses in Experiment 2 were scored for both number and duration. The total number of distinct lapses for each individual was determined by counting the number of intrusion errors immediately preceded by a correct response, providing an index of the number of lapses, independent of whether the intrusion error occurred in isolation, or as the first in a cluster of errors. The duration of each lapse was determined by counting the number of intrusions occurring between the initial intrusion following a correct response and the occurrence of the next correct response. For example, if an individual's performance over ten trials revealed the following pattern ( H I H I I H I I I H), where (H) is a correct response and (I) is an intrusion, the individual would receive a score of 3 lapses (i.e., 3 intrusion errors preceded by a correct response) with 1 lapse of duration 1 (i.e., an intrusion following and before a correct trial), 1 lapse of duration 2 (i.e., a pair of consecutive intrusion errors), and 1 lapse of duration 3 (i.e., a set of 3 consecutive intrusion errors). In this scoring system, non-intrusion errors were scored in one of two ways. If an intrusion error both preceded and followed a non-intrusion error, the non-intrusion error was considered to be part of the lapse. In comparison, if the non-intrusion error occurred in isolation, or at the beginning or end of a lapse, it was not included in calculating the number or duration of lapses. The average number of non-intrusion errors was quite low for both older adults (M = 8.24, SD = 2.50) and younger adults (M = 7.99, SD = 2.82) for this experiment, and did not differ with age.
Second, will the sharp decline in the number of lapses during the early part of the task persist over a longer period of time? Third, will error-related slowing be observed when a larger number of errors are sampled? Fourth, will errorrelated slowing be observed for intrusion errors after the initial intrusion error? To address these questions, groups of younger and older adults performed a Stroop task consisting of 792 incongruent trials. This task permitted the inde-P38 WEST pendent calculation of number and duration of lapses, and a consideration of performance over a temporally more extended period of 35 to 45 minutes.
METHOD
Participants
Fifteen younger (M = 19.09 years of age) and 15 older (M = 74.00 years of age) adults participated in the experiment. The older adults had, on average, completed more years of formal education (M = 15.81 years) than the younger adults (M = 12.63; F(l,28) = 9.51, p < .005). The older adults also performed better on the Mill Hill Vocabulary test (M = 28.81) than did the younger adults (M = 14.18; F(l,28) = 75.82, p < .001). Younger adults were recruited from the human participant pool of the University of South Carolina, and received course credit for their participation. Older adults were recruited from the community through print media and from a local senior adult recreation center, and received a modest stipend for their participation.
Materials and Procedure
In the Stroop task, participants were asked to identity one of four colors (i.e., red, blue, green, or yellow) by pressing one of four keys on the computer keyboard (i.e., V, B, N, M), using the index and middle fingers of the right and left hands. The task was divided into a practice and an experimental phase. The practice phase was identical to that employed in Experiment 1. The experimental phase consisted of 792 incongruent trials presented in 11 blocks of 72 trials. Within a block of 72 trials, the 12 color-word combinations were presented 6 times. Between blocks, a message appeared on the screen instructing the participant to rest until ready to begin the next block, and to press the space-bar when ready to continue. After the space-bar was pressed, the screen was blank for 1,000 msec before the presentation of the first stimulus. For each trial, the color-word appeared in the center of the screen until a key-press was made. Following a response, the stimulus was removed and the screen was blank for 1,000 msec. The Stroop task was programmed using the Micro Experimental Lab (MEL) software (Schneider, 1990) .
RESULTS AND DISCUSSION
The average number of distinct lapses was greater for older (M = 42.27, SD = 22.75) than younger adults (M = 13.73, SD = 7.26; n = 15, z = -4.19, p < .001), indicating that older adults were more susceptible to lapses, independent of the duration of a lapse, than their younger counterparts. To consider the hypothesis that older adults were also more likely to experience lapses of longer duration than younger adults, the proportion of lapses having a duration of 1, 2, or 3+ trials was calculated for older and younger adults (see Table 1 ; see Appendix, Note 4). Within these data, one can see that the proportion of lapses lasting a single trial was lower for older man younger adults, indicating that older adults tended to experience more longer duration lapses than younger adults (n = 15, z = 3.21, p < .002). Furthermore, most of the remaining lapses (15.1% for older, 6.3% for younger) tended to last 2 or 3 trials in duration (13.8% for older, 5.8% for younger), indicating that lapses of very long duration were relatively infrequent in either group.
To consider the pattern of lapses over the extended time period incorporated in the present experiment, the 792 trials were grouped into quarters, and the number of lapses lasting a single trial in duration, or 2 or more trials in duration within each quarter of the task, was considered for younger and older adults. These data are presented in Table 2 . As in Experiment 1, a nonparametric analytic strategy was employed using the Friedman test for across quarter comparisons. The number of lapses lasting a single trial in duration did not decline reliably across the course of the task for younger adults (x 2 (3) = 2.21, p > .52, N = 15) or older adults (x 2 (3) = 2.40, p > .49, N = 15). In comparison, the number of lapses lasting two or more trials decreased over the course of the task for younger adults (x 2 (3) = 8.14, p < .05, N = 15) and older adults (x 2 (3) = 11.25, p > .01, N = 15). There was also some tendency for the number of longer duration lapses to increase in the fourth quarter of the task. However, a comparison of the number of lapses in the third and fourth quarters of the task revealed that this effect was not significant for the younger adults (Wilcoxon signed-rank, n = 15, z = .00, p < 1.00), and was only marginally significant for the older adults (Wilcoxon signedrank, n= \5, z= 1.90, p = .06). These findings indicate that the improvement in performance over the course of the task observed in older and younger adults reflects a reduction in the number of lapses lasting two or more trials in duration with task experience.
The median response latency data for trials immediately before an intrusion error, the initial intrusion error (i.e., the 
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onset of a lapse of intention), intrusion errors following an initial intrusion error (i.e., errors making up a long duration lapse), recovered trials (i.e., trials with correct responses following an intrusion), and all other trials in the experiment are presented in Table 3 . These data reveal a number of interesting findings about the nature of lapses in older and younger adults. First, by comparing response latency from trials immediately before the initial intrusion error (M = 1218) and correct trials other than those immediately preceding or following an intrusion (M = 1101), one can see that lapses occurred during periods of slowed responding, F(l,28) = 12.27, p < .002. Based upon a comparison of response latency for trials representing the initial intrusion error within a lapse (M = 1247), trials representing correct performance immediately before the onset of the lapse (M = 1218), and other correct trials (M = 1101) excluding those marking the resolution of a lapse (i.e., recovered trials), it can be seen that the initial intrusion does not differ in response latency from the immediately preceding correct trial, F < 1, while response latency for this intrusion error was somewhat slower than for other correct trials, F(l,28) = 10.77, p < .003. These findings indicate that lapses occur during periods of slowed task performance, possibly reflecting periods of suboptimal controlled attentional processing (Bunce, Warr, & Cochrane, 1993) . Also, based upon a consideration of these data, one can see that response latency for trials marking the end of a lapse (M = 1809), where a correct response was made, was greater than response latency for correct trials immediately preceding the onset of the lapse (M = 1218), F(l,28) = 43.94, p < .001, indicating the presence of error-related slowing. The consideration of a reduced set of the response latency data, including only those individuals with lapses lasting two or more trials, provides some degree of insight into the processes contributing to the error-related slowing observed after the initial intrusion error within a lapse of intention. These data are presented in the lower section of Table 3 , and reveal that response latency for trials representing both the continuation of a lapse (M = 1727) and the resolution of a lapse (M = 1804) were slower than correct trials immediately before the onset of a lapse (M = 1227; continuation F(l, 19) = 9.42, p < .006; resolution F(l,19) = 40.20, p < .001). Furthermore, response latency for these two types of trials did not differ reliably, F < 1. Based upon these data, it seems that error-related slowing following the initial intrusion error does not differentiate between instances where the individual returns to accurate task performance or continues to remain off task. This finding indicated that error-related slowing may reflect processing related to the detection or attempted compensation for an error, but cannot reflect processing solely related to successful error compensation.
The findings of the present experiment extend those of Experiment 1, indicating that older adults experience lapses with greater frequency than do younger adults. Older adults also experience more longer duration lapses than younger adults, although lapses rarely exceeded two or three trials in duration for either group. A consideration of the frequency of lapses over the course of the task revealed that the number of lapses of duration 1 was relatively stable for younger and older adults across the task, whereas the number of lapses lasting two or more trials declined for younger and older adults across the first three quarters of the task. A consideration of the response latency data revealed that lapses occurred during periods of slowed responding. Examination of the response latency, data for trials following the onset of a lapse revealed that error-related slowing was observed regardless of whether the individual made a correct response following the intrusion, or the lapse continued, resulting in another intrusion error being committed. EXPERIMENT 3 Based upon the findings of Experiment 2, it seems that lapses were most likely to occur during moments of inefficient controlled attentional processing, supported by the finding that response latency for correct trials preceding the onset of a lapse was slower than for trials not immediately before the onset or after the resolution of a lapse. This finding is consistent with the work of Duncan and associates (1996) , indicating that lapses, or goal neglect, were more likely to occur when controlled attentional processing was allocated in the service of multiple behavioral goals in a dual task condition. The present experiment was designed to vary the degree to which controlled attentional processing was allocated to the service of a single or multiple behavioral goals. In the experiment, groups of younger and older adults performed a Stroop color-word task where color identification trials and word identification trials were randomly intermixed, and the proportion of color and word identification trials was varied between blocks of trials. In the high-color/low-word block, the individual was required to identify the color of the stimulus on 75% of the trials, and the word presented on 25% of the trials. In the equalcolor/equal-word block, the individual was required to identify the color of the stimulus on 50% of the trials, and the word presented on 50% of the trials. Using a similar manipulation, MacLeod and MacDonald (1997) found that the number of intrusion errors in a group of younger adults was greater when individuals switched between color and word identification (M = .09) than when all trials required color identification (M = .05). For the present experiment, age-related differences in the number of intrusion errors were expected to be greatest when the task demanded a frequent switch between color and word identification, requiring individuals to allocate controlled attentional processes over two incompatible behavioral goals (i.e., in the 50% word identification condition), and reduced when most trials required color identification (i.e., in the 25% word identification condition), permitting older adults to allocate controlled attentional processes to the service of a single behavioral goal (i.e., color identification).
METHOD
Participants
Twenty younger (M = 24.60 years of age) and 20 older (M = 69.30 years of age) adults participated in the experiment. The groups did not differ in the average number of years of formal education completed (younger M = 16.00, older M = 16.30; f(38) = .46, p > .60), whereas the older adults performed better on the Mill Hill Vocabulary test (M = 24.42) than the younger adults (M = 18.90, t(3S) = 3.28, p < .002). Younger adults were recruited from the human participant pool of the psychology department of the University of Toronto, and received course credit for their participation. Older adults were recruited from the greater Toronto metropolitan area, and received compensation to cover the cost of parking for their participation.
Method and Procedure
Color and key assignment and the practice phase were the same as for the previous experiments. In the experimental phase, participants performed two blocks of randomly ordered trials, where the proportion of trials where the individual was required to identify either the color or word presented was varied between blocks. The 25% word identification block consisted of 96 trials, representing one of four different types of stimuli. In this block, 24 trials (6 of each color name-red, blue, green, or yellow) were presented in light gray, and the individual was instructed to press the key identifying the word for these trials. The remaining 72 trials were words or letter strings presented in the colors red, blue, green, or yellow, and the individual was instructed to press the key corresponding to the color of the stimulus. Twenty-four of these trials, six of each color, were congruent (i.e., the color and word were the same RED -red), 24 were neutral (i.e., color presented in an X string), and 24 were incongruent-two of each possible color-word pair (see Appendix, Note 5). The 50% word identification condition consisted of 144 trials. The additional 48 trials in this condition were all word identification trials, resulting in 50% of the total number of trials within the block requiring word identification. Presentation of the 25% and 50% word identification blocks was counterbalanced across participants, with half receiving the 25% word identification block first, and half receiving the 50% word identification block first. At the beginning of the practice phase and before the start of each block in the experimental phase of the experiment, a message appeared on the screen instructing the participant to press the space-bar to begin the block of trials. After the space-bar was pressed, the screen was blank for 1,000 msec. The stimuli were presented in the center of the screen until a response was made, at which time the stimulus was removed and the screen was blank for 1,000 msec. Following this interval, the stimulus for the next trial appeared on the screen. The Stroop task was programmed using the MEL Professional 2.0 (MEL) software (Psychology Software Tools, Inc., 1995).
RESULTS AND DISCUSSION
The number of intrusion errors made by younger and older adults in the 25% and 50% word identification trials blocks is presented in Table 4 . To test the hypothesis that older adults would be most susceptible to lapses when controlled attentional processes had to be allocated in the service of multiple behavioral goals, the number of word reading intrusion errors for younger and older adults in the 25% and 50% word identification trials blocks was considered, using the Wilcoxon rank sum test. In the 25% word identification trials block, older adults committed more intrusion errors than younger adults, however, this difference was not significant (n = 20, z = 1.11, p > .26). In comparison, for the 50% word identification trials block, the older adults committed nearly three times as many errors as the younger adults, and this difference was significant (n = 20, z = -2.75, p < .01). These findings are consistent with the prediction that older adults are most susceptible to lapses when required to allocate controlled attentional processes in the service of multiple behavioral goals.
In Experiment 2, response latency for intrusion errors was observed to be somewhat longer than response latencies for correct trials within the task not occurring in close proximity to a lapse of intention. This finding seems somewhat counterintuitive given the common interpretation of intrusion errors in the Stroop task as instances when the word dominates the response processes, leading to the expectation that intrusion errors should be relatively fast in 
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nature. In a test of the idea that intrusions may reflect something more than instances when the individual reads the word, median response latency for intrusion errors and correct word identification trials was compared in a 2 (age) X 2 (probability of a word identification trial: 25% or 50%) X 2 (response: intrusion error or correct word identification) ANOVA. In this analysis, there was a significant effect of response, indicating that response latency for intrusion errors (M = 1101, SD = 178) was slower than response latency for correct word identification responses (M = 1021, SD = 151; F(l,38) = 4.23, p < .05). This finding is consistent with findings from Experiment 2, and provides further evidence that intrusion errors reflect something more than instances where the individual simply reads the word. In this analysis, the main effect of probability of a word identification trial was also significant, with individuals responding faster in the 50% word identification trials block (M = 1010, SD = 165) than the 25% word identification trials block (M = 1112, SD = 179; F(l,38) = 5.60,p< .03).
GENERAL DISCUSSION
The findings of the present study are consistent with the hypothesis that older adults are more susceptible to lapses than younger adults, resulting in an age-related increase in the number of intrusion errors in the Stroop task. This agerelated increase in the number of intrusion errors resulted from both an increase in the number and duration of lapses for older adults. For younger and older adults, the number of lapses declined over the course of task performance, being greatest when the color identification task was relatively novel, consistent with the proposals of Duncan and colleagues (1996) and Reason (1979) . This decrease in the number of lapses over the course of the task resulted from a reduction in the number of lapses lasting two or more trials in duration as individuals proceeded through the task. There was also a trend toward an increase in the number of lapses lasting two or more trials during the last quarter of the task in Experiment 2 for older adults, possibly indicating the emergence of a fatigue effect.
The importance of optimal controlled attentional processing in protecting the individual from lapses has been suggested by a number of researchers. Reason (1990) proposed that lapses were most likely to occur when the focus of attention was directed away from the current goals of the individual. Duncan and associates (1996) provided a demonstration of this in an experiment where the frequency of lapses or goal neglect was greatest in a dual task condition when individuals were required to allocate controlled attentional processes in the service of multiple behavioral goals. The findings of the present study serve to extend our knowledge of the nature of disruptions in controlled attentional processing that give rise to lapses. In Experiment 3, lapses were more prevalent for older adults in a task context requiring the allocation of controlled attentional processing in the service of multiple behavioral goals (i.e., word & color identification) than in a task context where controlled attentional processing could be primarily allocated in the service of color identification. In Experiment 2, lapses were associated with a general slowdown in response latency for correct trials immediately before the onset of a lapse, relative to response latency for other trials not surrounding a lapse, suggesting that lapses were most likely to occur during periods of sub-optimal controlled attentional processing. Lapses within the study also tended to be relatively brief in duration in both older and younger adults, generally lasting no more than two or three trials. This finding, together with the finding that lapses occurred during periods of slowed responding, provides evidence that controlled attentional processing tends to fluctuate over the course of task performance, instead of being represented by a static quantity that varies from individual to individual. Based upon this interpretation, age-related increases in the number of lapses would result from an increased tendency of older adults to experience fluctuations of controlled attentional processing, compared with younger adults, and not a pervasive age-related decline in controlled attentional processing. Evidence consistent with this interpretation can be found in a recent study where older adults were more likely than younger adults to experience mental blocks in a choice reaction time task, also thought to result from moments of attentional inefficiency, marked by a gradual and then dramatic increase in response latency (Bunce et al., 1993) .
Error-related slowing following an intrusion error was observed in Experiments 1 and 2, and appeared to be of similar magnitude in younger and older adults. These findings are consistent with the earlier work of Rabbitt (1979) , indicating that error-related processing appears to remain intact into later adulthood. A consideration of the response latency data for trials following an initial intrusion error in Experiment 2 revealed that performance was slowed to a similar degree, regardless of whether a correct response was made or the lapse persisted. Based upon this finding, error-related slowing may reflect processing related to the detection of, and attempted compensation for, errors, but cannot reflect the activity of processing that necessarily supports successful error compensation. The tendency of older adults to experience lapses of longer duration than younger adults reveals that some aspects of error-related processing, possibly not reflected by error-related slowing, may be susceptible to the aging process.
A recent revision of the model of action selection, developed by Shallice and colleagues, has sought to extend the specificity of this model by outlining the various cognitive processes that are supported by the supervisory system (Stuss, Shallice, Alexander, & Picton, 1995) . In this extension of the model, these theorists have proposed a number of component processes of the supervisory system that support goal directed action selection, including energization of schemata, inhibition of schemata, adjustment of contention scheduling, monitoring of schema activity, and control of "if-then" logical processes. The present experiments provide a number of findings that both support and serve to refine this model of action selection. Findings from the three experiments are consistent with the idea that lapses of intention are most likely to occur when supervisory or controlled attentional processes are taxed. Lapses were most likely to occur early in the task for Experiments 1 and 2, "when color naming was a relatively novel response compared to word reading. These findings are consistent with P42 WEST the ideas of Norman and Shallice (1980) that supervisory processes are most active under novel task conditions when contention scheduling cannot efficiently guide action selection. Lapses were also associated with periods of slowed responding for correct trials preceding the lapse, suggesting that fluctuations in the optimal efficiency of supervisory processes may allow inappropriate schemata to determine action. Interestingly, lapses seldom last more than a couple of trials in either older or younger adults, suggesting that monitoring processes supported by the supervisory system are relatively efficient at adjusting the parameters of the action selection process to restore goal-directed action. Based upon findings from Experiments 1 and 2, some lapses appear to last longer in older than younger adults, suggesting that aging may disrupt the efficiency of some monitoring processes. The precise locus of this effect of aging is difficult to determine based upon the findings of the current experiments. Older adults demonstrated levels of error-related slowing comparable to younger adults, so it would seem that the processes underlying this slowing are preserved into later adulthood. Therefore, it may be that increasing age disrupts the interaction between monitoring and other supervisory processes, resulting in older adults being less efficient at restoring goal-directed action selection than younger adults. Finally, the number of lapses lasting a single trial in duration was stable across the course of the task, whereas lapses lasting two or more trials decreased over the course of the task. Taken together, these findings seem to indicate that supervisory processes that guard against fluctuations in the efficiency of controlled attentional processing are not influenced by task experience. In comparison, supervisory processes that monitor task performance and restore goal-directed processing when a lapse does occur seem to increase in efficiency through experience with the task.
The contribution of lapses to age-related deficits across a variety of tasks has been observed in a number of recent studies. Within the area of prospective memory, West and Craik (in press) suggested that the tendency for success in prospective memory tasks to fluctuate over the course of task performance (Maylor, 1993) resulted from momentary lapses of intention (Craik & Kerr, 1996) , where the prospective cue was maintained in a less accessible state for older than younger adults. In that study, older adults demonstrated error-related slowing immediately following the failure to respond to a prospective cue, indicating that the requirements to respond to the cue were retained, but had not guided performance of the task at that moment in time. Findings from a continuous working memory paradigm, where individuals were required to press a key indicating the location of a stimulus on the preceding trial, revealed that older adults were more likely than younger adults to respond with the location of the current stimulus, suggesting a lapse of intention, and that these periods of off-task behavior tended to last longer for older than younger adults (West, 1998) . The findings of these studies indicate that the pattern of age-related increases in the occurrence of lapses of intention observed in the present study generalizes to structurally diverse tasks, suggesting this is a stable phenomenon that may affect our daily lives in a variety of ways.
CONCLUSIONS
The primary goal of the present study was to explore the hypothesis that older adults are more susceptible to lapses of intention than are younger adults. The findings of three experiments revealed that older adults were more likely than younger adults to experience lapses. Findings from Experiment 2 revealed that lapses tended to last longer for older than younger adults, but rarely extended more than two or three trials in either group. Lapses were precipitated during periods of suboptimal controlled attentional processing and task conditions where controlled attentional processing was allocated in the service of multiple behavioral goals. Finally, based upon the findings of this and other studies, the age-related increase in the susceptibility to lapses of intention appears to contribute to performance on a variety of different tasks, indicating that further investigation of this phenomenon is warranted.
